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PHYSICAL AND EXPLOSION CHARACTERISTICS OF HYDRAZINE NITRATE
by

Horry K. Jomes, ! Yael Miron, 2 and Henry E. Perlee?

A3STRACT

Experimental studies of the physical and explosion characteristics of
pure hydrazine nitrate and multicomponen’ systems containing hydrazine nitrate,
supplemented with an extensive literature survey, are presented. Such proper-
ties as melting point, heat ot fusion, density, viscosity, surface tension,
thermal stability, dec —position process, detonation velocity, impact sensi-
tivity, and INT equivalence are included.

INTXODUCTION

Hydrazine rnitrate (HN) has been of considerable interest ir explosives
research since Curtius and Jay (§)% first prepaved it in 1889, This interest
has been primarilv due to the fact that, having no carbon atoms, HN is a
smokeless explosive. More recently, HN has become of interest in space
propulsion studies. 1In cooperation with the National Asronautice and Space
Administration (NASA) Manned Spacecraft Center, the Bureau of Mines has
compiled the available information con the physical and explosion character-
istics of HN and multicomponent systems containing HN.

HN exists in two crystalline forms, @ and 8. The B form is unstable,
and except for the melting point, little is known about it, The data pre-
sented in this paper, therefore, concern only the a form. This report
describes only new apparatus and techniques. Where appropriate the work of
other investigators is discussed and compared with the results obtained in
Bureau research. The appendix of this paper presents, in tables and illus-
trations, & summary of physical properties of HN which were determined by
other investigators.

‘Formerly physicist, Special Research, Safety Research Center, Buresu of
Mines, Pittsburgh, Pa.; now with Texas Instruments, Inc., Dallas, Tex.

2Chemical research engfaeer, Special Research, Safety Research Center,
Bureau of Mines, Pittsburgh, Pa.

SResearch chemist, Special Research, Safety Research Ce ter, Burea: of
Mines, Pittsburgh, Pa.

4Underlined numbers in parentheses refer tc items in the list of references
nreceding the appendix.
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PREPARATION OF PURE HYDRAZINE NITRAT: (HN)

The HN used in the Bureau experiments was prepared in the following
manner. Commercial anhydrous hydrazine (97.5-percent purity) was dissolved
in methancl (reagent grade, 99.9-percent purity) and cooled to about -20°¢ C.
Nitric acid (A.C.S. grade, 70-percent purity), also at -20° C, was then added
in drops to the hydrazine-methanol soiution while the temperature was care-
fully maintained below 2° C. 7The addition of acid was continued until a pH
of 5.5 was reached. The white HN precipitated during the addition process
was filtered off and melted in boiling methanol and recrystallized This
recrystallization step was repeated twice., The last trace of methanol was
removed in vacuum, and the final salt was dried and stored in a vacuum desic-
cator over phosphorus pentoxide. Chemical analysis of the prepared crystals
by the nitron nitrate precipitation technique (12) indicated that the purity
of th: HN was greater than 99.0 percent.

PHYSICAL PROPERTIES OF HN

Crystalline Forms and Their Melting Points

HN exists in two crystalline forms, ¢ and B; the stable a form (crystal
density, 1.661 g/cm®) melts at approximately 70° C (table A-1) with no appar-
ent decomposition or sublimation. The unstable B form melts at 62° C.

Heat of Conversion of the B Form to the a Form

Robinson and McCrone (24) found that a melt of HN supercools readily and
usually crystallizes as the unstable B form. Sommer (29) noted that HN
exhibits monotropism; that is, the B form always converts to the o form with
the evoluticn of heat. Using differential scanning calorimetry techniques,
the Bureau obtained a value of 2.0 kcal/mole for the heat of conversion of
the B to the a form. No additional thermal phase changes in the crystalline
structure of the o form havc been found from -70° C to its melting point.

loc | i T I 1 [ H r T l 1 I T } ¥ ' 1 ' 1 ! i ' H ]' T T T
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FIGURE 1. - Infrored Absorption Spectra for HN.



Infrared and X-ray Spectra

- sr identification purposes the infrared absorption and X-ray diffraction
spect: were obtained by the Bureau. These are shown in figure 1 and table 1,
respectively,

TABLE 1, - X-ray diffraction spectra for HN

/% D, 1/1, 1 b,
A A
20.6.c.icieccncnnes | G.42 8.6.ccivevenienese} 2.10
80.2.000c000cceeas | 3.98 22.2.c00cecenrcscess| 2.05
27,2, 0000 00ccncacs | 3.59 27 .7 ceencceccensess | 1.91
100.0.c0000cccccsee | 3.25 13.8.cceccenccceass | 1.87
17.8.0ccccecccceec | 2.89 12.7cceeeccnanceess. | 1.68
99.5cccececcccaces | 2.69 9.9 ccettccnseesss| 1.52
33,20 cieceencnanas | 2.40 17.6.ccccvencceceas | 1.42
9.2 ciecvacceanes | 2.34 1.39.cc0ccvecceeace| 1.39
23.9.c0c00000000ss | 2.24 1.37c0ceacsecceasa ) 1.37
I/, = ratio of scattered-to-incident beam intensities.
D = wavelength of the scattered line.

Weight-Loss Rate

Experiments were performed by the Bureau to measure the rate of loss of
molten HN due to the combined effects of dissociation and decomposition by
differentigl gravimetric techniques using 20-mg samples having surface areas
of 0.20 cm®. At 250° C, the weight loss varied linearly with time and
amounted to about 3 weight-percent per minute; at 200° C the rate was 4Xx10™1
weight-percent per minute, and at 150° C it was 6X10™° weight-percent per
minute. Because below 250° C more than 99 percent of the initial quantity of
HN was recovered, the weight loss of HN is attributable entirely to a disso-
ciation process. Medard (19), in similar work, determined the weight loss of
anhydrous HN during intermittent heating to 110° C for 315 hours and found
that it was linearly dependent with time, or about 8x10~° weight-percent per
minute. Kissinger (15) found that HN decomposition at 140° C was "barely
noticeable by standard vacuum stability techniques.'" He also reported that
HN could be stored under 95 percent ethyl alcohol at a maximum temperature of
30° C for as long #s 4 months without J20Y "apparent ill effects.'" Sabanejeff
(26) found weight-loss rates of 3x10~° and 9x10™° weight-percent per minute
at 145° and 215° C, respectively. The reason for the large discrepancy among
the values obtained by the various researchers is unknown.

PHYSICAL PROPERTIES AF MULTICOMPONENT SYSTEMS CONTAINING RN

Density of HN Solutions With Hydrazine and Water

The denslty of HN-hydrazine and HN-water solutions at various tempera-
tures and HN concentrations was determined using a 2-cm’ pycnometer. A
constant-temperature oil bath was used to maint&in the desired temperature
within *0.4° C. Figures 2 and 3 rhow these results obtaired by the Bureau.
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Regression analysis of these data shows that t.: ‘-nsities of these solutioms,
ranging in concentTation £from 10 to 75 wright-{ rcent and in teiperature from
25° to 100° C, can he adeaquately described by the relatiomn,

B =P, + &N + bN

in which P and p, are the demsities of the solutica and solvent, rempectively,
at the ssme temperature, N is the normality of the noiution, and a and b are
regression coeiiicients. For the HN-hydrazine solutizns, a and b equal 0.027
and 0.732, respectively, and 0.05¢ and 0.C18, respectively, :or HN-water
solutions.

Vango and Krasinsky (31) measured the densicy of two FN-hydrazine solu~
tions, coutaining about 0,3 weight-percent ianiline, as « function of tempera-
ture. Of the two solutions tested, one contained 17.62 weighr-parceat HN and
the other contained 29.97 weight-percert HN. Figure ? iucludes a plot of
Vango and Krasiniky's results; for comparison, t.e *:mperatu:r dspendence of
the density of pure hydracine, taken fro. che work of Clark (3), and of water,
taken from Lange (16), are chown in figures 2 and , rescectively.

Viecosity of IN Solutions With Hycdrazine and W:th YWater

The kinematic viscosity of molten HN und various HN-hydrarine and HN-
water solutions as a function of temperature und HN concencration was measured
with a Cannon-F nske viscometer in a cons’ -t-tarperature bath to maintain the
desired temperature within *0.4° C. The -ults are shown in figures 4 and 5.
Viscosity measurzments of hydrazine ar- uacluded iv fignr: 4 for cowparison.
Regression analysis of the viscosity data for HN-bydrazine soclutions gave the
relation, }

V) N

lo c— = K =
o\, T °

in which V and \, ar> the kinematic viscositieg In centistokes of the solution
and solvent, vespeci.vely, at absolutie. temperature, T, Jdegrece Kelvin; N is
the solution normality; and K is a regression coelricient z2qual to 24.59. In
the cuse of FN-wate:r solutions, regression avalysis of th« deta yielded the
expression,

N

10 y-'nK"—';
810 vo T

in which K {8 1.25. For comparison, figure 4 shows also tae results obtained
by Vango and Krescinsky for twc HN-hydrazine soiut’c.< using a Cannon-Zhukov
viscometer. The temp2rature dependence of the vi:_.csivy of pure hydrazine,
taken from Lange (16) is alio given ip figure 4. Tuere is ool sgreement
between the Bureru results aud the results obtained by Vango ard Krasinsky

D).
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FIGURE 4. - Kinamstic Viscosity of HN-Nydrazine Solutions at Varicus HN
Corcenirgt ons os a Function of Tempercture.

Surface Tersion cf H¥ Sciutions With Bvdragzine and ¥With Wster

The Bureau slsc determimed the surfuce tension of various Hi-hydrazine
end MN-water sciutions at different tewmperatures. The bubble pregsure method
described by Partington (21) was used because surface contaminrtion effects
are sinimized ty this method. The surface tensicns of molten EN and various
HN-hydrazine and BN-water sclufioms at elevated temperatures were messured;
the resuits are shown io figures 6 2n3 7., Regression analysis of these data
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KINEMATIC VISCOSITY, centistokes

shows that the suiface tension can be adequately described by the expression,
Y =Y. + (K,C-E)(T-T, ),

in which v and Y, sre the surface tensions in dynes per centimete. of the
-»lution 2nd solvent, respectively, at sbsolute Kelvin temperstures T and T,
respectively; C is the HN concentrsticn in mole-percent; and K; and Ka are
regression coefficients. For HN-hydrazine solutioms, Y,, T,, K;, and K
equai 93.82, 213.58, 0.302, and 0.243, respectively, and for HN-wster solu-
tions, ¥, , T,, K., and ¥, equal 92.69, 229.45, 0.220, and 0,248, respectively.

EXPLOSION CHARACTERISTICS OF HN

Thernal Stability

The thermal stability of HN at 1 atmosvhere pressure in air has been
studied by numerous imvestigators, snd thexre seems to be general agreement
that the pure material decomposes explosively at about 300° C. Rosen (25)
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measured the ignition temperature of HN using the 'Bruceton up-and-down'
method (5), which gave a reproducible 50-percent probability of ignitioa at

307° C.
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Additional 2xperiments were conducted by the Bureau with liquid HN to
study the iniciation o>f detonations in unconfined rilms, 0.25 cm thick, by
means of electrically heated Nichrome® wire and open flames (propane torch).
These studies indicate that althcugh unconfined thin films of molten KN sup-
pcrt combustion when ignited in air at ! atmosphere by either method, they do
not detonate. Furthermore, the flame was extinguished upon remova! of the
ignition scurce. These results agree with those of Shidlovskii and coworkers
(27), who could roi cause detonation in glass tubes 10, 15, and 20 mm in
diameter using electrically heated Nichror: wire. To achieve stable burning,
they found that the addition of about 10 weight-percent of potassium dichro-
mat2 to the hydrazine nitrate was necessary. Levy and coworkers (18) found
that a tamped strand of HN (density 0.95 g/cm’ ) containing 2 weight-percent
magnesium oxide burmned stably in air at 1 atmospnere at a rate of 0.04 cm/sec,
but a similar strand of pure HN did not bura.

“Reference to specific trade names in this report is made for identification
only and does not imply endorsement by the Bureau of Mines.
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Detonation Velocity Measurements

Th» detonation velocity of molten HN at 75° C was determined by the
Bureau in thin-film experiments to be 8,500 m/sec. (See table 2.) Price and
coworkers (22) reported a detonation velocity of 8,510 m/sec at a density of
1.59 g/cx® for a 6.3-cm-diameter charge of pressed HN. Medard (19), using a
30-mme~diameter by 170-cm-long pressed-HN charge, found that the maximum deto-
anation velocity occurred at a density of 1.3 g/cw®. Moreover, Price and
coworkers established that such maximums are likely toc occur for explosives
for which the critical diameters® increases with density. The results of
these investigations are sheown in figure 8. Frum these results it was con-
cluded that the critical dizmeter of HN increases with increasing packing
density. Price and coworkers found that the infinite charge diameter detona-
tion velocity, V. for HN in meters per second can be expressed as

V = 5,390 PHN -100,

in which pHN is the density of HN in grams per cubic centimeter. Michel and
coworkers (20) computed a Chapman-Jouguet detonation velocity of 5,840 m/sec
for a density of 1.0 g/cm®; however, the expression found by Price and
coworkers gives a value of 5,290 m/sec.

TABLE 2. - Detonation velocities and criticel film thicknesses (cit)
of both low-velocity and high-velocity detonations of
molten HN, HN-water, and HN-hydrazine solutions

at 75° C
Liguid Detonation velocitv
HN concen- High Low
Coumposition tration, Velocity, Cft, | Velocity, Cft,
wt pct m/sec cm m/sec cm
HNcoveeocooscoaoncassesas 100 8,500 0.127 1,600 1<0.02%
HEN-water....ceecieencees 85 7,600 .305 2,400 £.025
75 ) ) 2,100 .33¢
65 ) (%) @) )
EN-hydrazine...... teveas 80 8,600 .076 1,800 £.025
60 8,200 .07¢é ¢) )
40 7,800 .254 2,200 .076
20 ) C ¢ 1 &
10.025 cm represents the limit of resoluticn of the apparatus.

°Not observed.
“No propagation.

TNT Equivalence

Among the methods used for testing the strongth of explosivee is the

ballistic mortar test (30).

In this method a known charge of explosive is

placed i: a gwinging wortar, fitted with a projectile, and exrloded with a

detonation ca,.

The vertical lift of the mortar due to this explosion is

®The critical diameter {s the minimuz cherge diameter at wnich propagation of

a stable det uation is possible.
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we.sured in incnes. The vertical lift relative to that of TNT is known as the
TNT eqi:tivalence of the explosive. The ballistic mortar is capable of quickly

I «rding those materials that exhibit exothermic reactions with rzaction rates

greater than about U.1 second. In Bureau experiments, the INT equivalence of

HN was 142 compared to granular TNT.

Impact Sensitivity

Impact sensitivity tests, using the 'Bruceton up-and-dow method (5),
gave values for 50-percent probability for ignition of 175 kg-cm for the cup
and plunger and 5C kg-cm for the ERL type 12 tool test (10) procedures. In
similar experiments, Smith and Waltoun (28) reported a value of 32 kg-cm for a

50-percent probability for the ERL type 12 tool. Medard (19) obtained values
of 20C to 250 kg-cm.

EXPLOS1”N CHARACTERISTICS OF SYSTEMS CONTAINING HN

Detonation Velocitv of BN.dydrazine and HN-Water Solutions

Both the thin-film detonation velocity and the critical fiim thickness
were determined by measuring the velocity of the detonation as it traveled
through a wedge of the solution and by observing the film thickness at which
the detonation was extinguished. The experimental apparatus (23) consisted of
an open, plastic wall tray, witn a 1l.25-cm steel base, inclined at a slight
angle so that the contained liquid formed a wedge, the thickness of which var-
ies from one-quarter inch to zerc. The initiating charge consisted of a
20-gram tectryl pellet formed from twec pills, each 4.1 cm in diameter and 1.3
cm thick. The initiating charge was separated from the liquid by the C.08-cm-
thick Plexiglas container wall. The results revealed the occurrence of both
a high- and 2 low-velocity detonation. The high-velocity detonation (7,600 to
8,500 m/sec) started near the initiating explosive and converted to a low-
velocity detonation (1,400 to 2,500 m/sec) when the film reached the critical
thickness for the high-velocity detcnation. Tahle 2 presents a summary of
these results.

For comparison, the range of detonable compcsitions of the termarv system,
HN-hydrazine-water, as determined by Dwiggins and Larrick (7), is preiented in
figure 9. Their apparatus consisted cf a 7.5-cm-long brass pipe with a 2.5~cm
inside diameter and a 4.l-cm outside diameter and with a l-mil corper foil
soidered over one end. A 50-gram tetryl pellet, 2.5 cm long and 4.. .m in
diameter, was used to initiate the test solution. A steel witn~ss plate, 10
by 10 cm, by 0.95 cm thick, was used to indicate a detonation. 1In the
Rureau's work, the thin-film binary HN solutions which were detonated fell
within the ''detonable' region of the ternary triangle of figute 9. Simiiarly,
Bureau data also showed that HN solutions whicn did not detonate were outside
the "wetonable region. Dwiggins and Larrick (7) showed that HN-hydraziue
solutions containing less than 25 percent by weight HN, HN-water solutions
contairing less than 70 percent by weight HN. and ternary HN-hydrazine-water
solutions containing more than 55 percent oy weight of water were not deton-
able under their experimental conditiomns.
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FIGURE 9. - Detonable Compositions of the Temory System, HN-Hydrazine-Water.

Compatibility Studies of HN With Various Materials

Compatibilit: studies of HN with various hypergolic propnellants showed
that crystalline HN and liquid nitrogen tetroxide react vigorously on contact.
Moreover, a differential-scanning-calorimeter study of a frozen mixture con-
taining equal propertions by volume of HN and nitrogen tetroxide initially at
~100° C showed that such mixtures react exothermically when the temperature is
raised to -40° C. This is a significantly lower temperature tha: the melting
point of nitrogen tetroxide, -11.2° C.

Another exp:riment was made to determine if the hypergolic reaction that
results when HN ccatacts with nitrogen tetroxide would be capable of initiat-
ing a detonation in the HN. In this study, iiquid nitrogen tetroxide was
forcibly injected under the surface of 200 ca® of molten HN contained in glass
vessels; similar experiments were performed with detonable HN-hydrazine and
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HN-Aernzine-50 solutions. Although considerable reaction was evident, none cf
the reactions approached an explosion.

Sabanejeff{ (26) repcrted that HN reacted with concentrated sulfuric acid
with a violent evolution of nitric oxide. At =15° C this reaction no longer
took place, but it set in at once if the mirture was removed fro the cooling
medium. Sulfuric acid 14F decomposed HN upon heating, with evclution of hydra-
zoic acid. when HN was mixed with phosphorus pentachloride, particularly if
the two compounds were rubbed together, deflagration occurred with formation
of hydrazine dichloride.

Extensive compatibility studies have been conducted on HN by many inves-
tigators. Medard (19) found that weakly nitrated explosives could be appre-
ciably sensitized by a small amount of HN. Hodgkinson (l4) reported that
detonation occurred 40 percent of the time if cobalt cubes were dropped into
molten HN and 206 percent of the time if nickel cubes were used. Similar
experiments conducted in this investigation with heated molybdenum chips and
molten HN showed no evidence of a violent reaction. Hodgkinson attributes the’
reaction to the formation of a small amcunt of metal azide on the metai cubes,
which explosively decomposes and detonates the remaining HN.

Lee (17) and Dwiggins and Larrick (7) investigated the relative compati-
bility of the teraary HN-hydrazine-water system with various construction mate-
riais. They found, for example, that polyethylene, polystyrene, Teflon, nylon,
titanium, and tantalw' showed no evidence of being incompatible with "he ter-
nary system.

SUMMARY

Since the B crystalline form of HN is unstahble, this investigation
resulted in additional information only on the o crystalline form of HN. The
h2at of conversion from the B to the a form is Z.0 kcal/mole, and no addi-
tional phase changes occur in the B form from -70° C to its meiting point at
about 70° C. As an additional aid for ideatification, the infrared aund X-ray
spectra of HN were obtained. HN weight-loss rates were measured at elevated
temperatures.

The densities for given concentrations of HN in either hydrazine or water
are satisfactorily represented by the equation p = p, + aN + bN Similarly,
the expressions describing the kinematic viscosity as a function af absoluts

v
temperature and HN concentration in hydrazine and water are log;, T v = KT
Q

}
and log,o %r.= K =, respectively. The surface tensions of molten HN and var-
9 ‘

ious HN-hydrazine and HN-water solutions at elevated temperatures were me.sS-
ured and found to be satisfactorily represented by the expression,
Y = Yo + (K C-Ko) (T-To)

HN was found to derompose explosively at about 300° C. The detonstion
velocity for a pure HN film was found to be 8,500 m/sec, which agrees with the
values obtained by other investigators for cylindrical charges. The ball_stic
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mortar showed a TNT equivalence of 142 for HN. Impact sensitivity tests gave
50-percent probability for ignition at dr~p-weight heights of 175 kg-cm, 50
kg-cm for cup and plunger, and 10 kg-cm for ERL type 12 tool test procedures.

Thin-film detonation studies have shown that molten HN, or HN-hydrazine
and HN-water solutions having HN concentrations of at least 40 and 75 percent,
resnectively, exhibit stable detonations; HN-hydrazine snd HN-water solutions
containing 20 and 65 weight percent HN or less, respectively, do not support
stable detonaticnms,

HN, HN-hydrazine, and HM-Aerozine-50 solutions were found to be incompate
ible with nitrogen tetroxide; although considerable reacticn was evident, none
of the reactions approached an explosive magnitude. Other investigators have
reported detonative reactions of HN with, for example, cobalt and nickel. in
similar experiments, the Bureau found no violent reaction when heated molyb-
denum chips were dropped into molten HN.
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APPENDIX. --SUMMARY CF PROPERTIES OF HI

This appendix presents tne work cf other investigators oun HN and sulti-
component systems containing HN that was not cited with the Bureau work
pecause of its indirect relstioaship.

Table A-1 summarizes the physical properties of BN obtained by various
investigators. Similarly, tadble A-2 lists the combustion characteristics of
RN ana of an HN-hydrazine sclution obtained by other researchers.

Figures A-1, A-2, A-3, and A-4 present the data of iInvestigators regard-
ing physical properties of systems containing HN. Figure A-l1 shows the heat
of soluticn of HN (8_)1 in water-hydrazine systems for different compositions
of the three cowponents. Figure A-2 gives the vapor pressure for two
HN-hydrazine solutions {(31). Figure A-3 shows the liquidus isotherms for the
ternary system HN hydrazine-wacer (4), and figure A-4 gives the liquidus lipe
for tve binary system HN-ammomium nitrate (l).

:Ynderlined mumbers in parentheses refer to items in the list of rcferences
precading the appendix.
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TABLE A-1. - Physical properties of I'N and

containing =N

mu! ticomponen' systems

Property Description or vaiue Keference
Crystal worphology data:
Crystal system............ Konoclinic Robinsou (24).
Form and habit........... . Tablets and rods Do.
Axial raticec.cececeicnes . a:b:¢=0.957:1:0.492 Do.
Interfacial sngle (polar). 88°26" Do.
Crystal angle......c....c0. . 90° Do.
Xeray diffraccioc data:
Cell dimensions.......... . 11.23A by 11.734 by 5.17A Do.
Formula weights per cell.. 8 Do.
Formula weight........... . 35.06 Do.
Densityee-cecovcar- ccenene 1.661 g/cn® Do.
Optical properties:
‘Refractive indices
(5,893A; 25° ():
Boeveooncavoscnnnns evesas 1.458 + 0.003 Do.
Qeoooscccnnonen cesecocae 1.605 + C.004 Do.
1.620 + 0.005 Do.
Optic axial angles
{5,893A; 25° C):

XVeeeroneon eccacnae ceove 33° Do.

4 54° Do.
Dispersiofteececerceccoc-ce | ') Do.
Sign of double refraction. Negative Do.
Molecular refraction (R)

€2,893A; 25° C):

T . | 1.559 Do.

R (caled)eceicnrann. ceee 19.6 Do.

R (obsd).coccecevacocnan 18.4 Do.

Melting points:
f fOrMececceccceccocovanne 62.5° C Do.
62.09° C Sommer (29).
a form....couinnnn.. wreae . 70.5° C Robinson (24).
70.70° C Sommer (29).

Heat of formationee.eocecc-oes

Heat of solution:

59.8 kcal/mole
50.9 l.cal/mole

Shidlovskii (27).
Elverum (9).

Watereeceoesoeocoocncaceas «8.72 kcal/mole Bright (2).
Extrapoclated value...... «9.3 kcal/mole Elverum (9).
Hydrarzine (extrapolated
value)..occvove... cevsoec +3.7 kcal/mole Do,
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TABLE A-2. - Explcsion characteristics of BN and multicomponeut

systems containing HN

Characteristic

Description
or value

Comment

Reference

Ignitior temperature....

Dec-mposition process...

Car. gap seasitivity....

Brisance....

Flame temperature.......

Ternary solution sensi-
tivity tc projectile
impact.

300° C

4% Hy NOz 5N,
- 2NO ~ 10K 0

5.25 cm

82

2,400° C

Detonated when
impacted by high-
explosive incen-
diary projectile.

Obtained from
bonfire tests.

Gas analysis in
an evacuated
vess:z]l at
200° C.

Card attenuators
of Aerowax B
cast to desired
thickness,

Cast TNT=100.....

Both 20-mm incen-
diary and 20-mm
high-explosive
incendiary pro-
jectiles were
impacted. Only
the second ini-
tiated the
ternary
HN-hydrazine-
water system.

Glatts (13).

Hodgkinson (14).

Eyster (11).

Ribovich (23).
Medard (19).
Glates (13).
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FIGURE A-3. - Vapor Pressure for Water, Hydrazine,
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From Vango {31).
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FIGURE A-2. - Three Component Liquidus
Isotherms for the Temary
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From Corcoran (4).
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FIGURE A-4. - Liguidus Line for the Binary
Sy stem HN-Ammonium Nitrate.
From Bariot (}).
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